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    Studies have demonstrated that zinc plays an important role in development of cardiovascular diseases in 
Western populations. But there is little data for other racial groups. This study was aimed to investigate the 
association between serum zinc and coronary artery disease (CAD) in Iranian subjects.This study was 
conducted on 81 subjects,which referred to Heshmat Hospital of Guilan province , Iran, for routine coronary 
angiography from June to August 2011. Subjects were assigned into 2 groups; 41 CAD patients.case and 40 
healthy subjects in control group. Data about smoking habit,physical activity, dietary intake and 
anthropometric indices were collected by questionnaire. Serum zinc was measured by atomic 
spectroscopy.The serum zinc concentrations were significantly lower in case group than control (p<0.05). 
The mean serum zinc concentration in the case and control group was 73.50±1.61μg/dl and 78.47±1.66μg/dl, 
respectively. subjects  that lives in  rural area had 7.11-fold higher CAD risk in compare to subjects lives in 
urban  after adjustment for confounder factors,they also had lower zinc concentration than urban (p<0.05). in 
our study With increasing in serum zinc concentration CAD risk decrease 0.94-fold.Zinc concentration had 
significant correlation with age (r= -0.23   p<0.05), weight (r=0.26   p<0.05)  and  Place for living (r=- 0.22  
p= 0.04).There were no significant correlation between the dietary intake , Waist circumference ,smoking 
and serum zinc concentration in our study.Serum zinc concentration was significantly lower in the north of 
Islamic Republic of Iran patients with abnormal versus those with a normal angiogram. It seems Serum zinc 
concentration correlate with some risk factors for coronary artery disease.   
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INTRODUCTION  
     Coronary artery disease (CAD) is a leading 
cause of morbidity and mortality in developed 
countries and is emerging as an epidemic in 
developing countries [1]. The established and 
proposed risk factors for CAD include age, gender, 
family history of CAD, dyslipidemia , hypertension 
, diabetes mellitus, obesity ,cigarette 
smoking,dietary pattern and increased 
thrombogenicity[2]. Also there is strong evidence 
that oxidative free radicals have a role in the 
development of degenerative diseases including 
CAD [3]. Studies on the roles of trace elements in 
health and disease over the past 40 years have led 
to a good understanding of their mechanism of 
function and why they are essential to life [4]. 
Trace element status may be associated directly by 
cardiovascular disease, through effect on the 
vascular system, or indirectly through lipoprotein 
metabolism [5]. 
Zinc was known as essential trace elements in 1970 
[6] that plays a critical role in the stabilization of 
biological membrane, protein synthesis, nucleic 
acid metabolism, and as a cofactor of several 
enzyme systems [7]. Its deficit can also affect the 
development of multiple organs including the 
brain, lung, skeleton, kidneys and heart [8].Zinc 
can protect membrane against unsaturated lipids 
and inflammatory cytokines [9]. Studies have 
shown that abnormalities of zinc homeostasis may 
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be associated with pathogenesis of chronic 
diseases. Both decrease and increase in zinc serum 
level were reported in ISCMP patients [10]. Zinc 
deficiency is associated with susceptibility to 
oxidative stress, endothelial cell apoptosis, and 
atherogenesis [11]. Investigators suggest that a 
decreased serum zinc concentration may increase 
the risk of cardiovascular disease 
[5,11].Additionally, zinc deficiency may 
predispose to atherosclerosis through its effects on 
glucose intolerance, diabetes mellitus and insulin 
resistance [12]. 
Regarding the fact that zinc is a potent antioxidant 
[13]. zinc deficiency is a cause for the increased 
oxidative damage in multiple organs including the 
heart [14], due to the declined cardiac antioxidant 
capacity [14]. In addition, zinc deficiency 
exacerbates hypertension in hypertensive rats [15] 
and it is discussed as a risk factor for 
atherosclerosis [16]. Although there are strong 
hypothetical reasons why zinc status may be 
involved in the etiology of CAD, studies have been 
inconsistent. In animal experiments, a diet high in 
zinc leads to hypercholesterolemia and 
cardiovascular complications [17]. Alissa et al 
18 
have shown that Saudi subjects with established 
CAD do not have significant different serum levels 
of zinc from subjects without CAD.The prevalence 
of cardiovascular disease is high among Iranian 
population and association between zinc status and 
coronary risk factors is controversial. Therefore, 
this study was aimed to investigate  serum zinc  
status  in CAD patients and the association between 
zinc status and coronary risk factors.  
 
MATERIALS AND METHODS 
This descriptive–analytical study was conducted on 
81 subjects, aged 30 to 70 years that referred to Dr. 
Heshmat Medical Educational Hospital of Guilan, 
Iran, for routine coronary angiography, mainly for 
stable angina from June to August 2012. 
Subjects who take oral contraceptives or hormone 
replacement therapy  or  had diabetes, renal 
disease, hyperlipidemia, overt clinical features of 
infection, or chronic inflammatory disease , prior 
history of coronary angioplasty or coronary artery 
bypass graft (CABG) were excluded from the 
study.  Smoking habit, numbers of smoked 
cigarettes per day and physical activity data were 
collected by questionnaire. 
 This study was Approval by Regional Medical 
Research Ethic Committee of Guilan university 
of Medical Sciences .All subjects signed the 
informed consent for participation in this study. 
Anthropometric indices including, weight, 
height, and waist circumference were measured 
using standard protocols. Waist circumference 
was measured at the level of the umbilicus (at the 
level midway between the lower rib margin and 
the iliac crest). Height, body weight, and waist 
circumference were measured with subjects 
dressed in very light clothing after an overnight 
fast. Body weight of each subject was measured 
with a standard scale to an accuracy of ± 0.1 kg, 
and height was measured to an accuracy of ± 0.1 
cm. Body mass index (BMI) was calculated as 
weight (kg) divided by height squared (m
2
). In 
addition, dietary intake was assessed by a food 
frequency questionnaire (FFQ) and 3 days food 
records . 
Coronary angiograms were performed using 
routine procedures. Analysis of the angiograms 
was performed offline by a Specialist 
Cardiologist. The presence of one or more 
stenosis in diameter of at least one major 
coronary artery (Left main, Right coronary 
artery, Left anterior descending, Circumflex) was 
considered evidence of significant CAD (case 
group).  
Subjects in whom there is no visible 
atherosclerotic changes in the coronary arteries 
were considered to have a normal angiogram 
(control group). Subjects were assigned into 2 
groups according to the coronary angiogram 
results. The first group included 41 patients with 
coronary artery disease patients (case group) and 
the second group included 40 healthy subjects 
(control group). Blood samples were collected in 
the morning after an overnight fast and were 
drawn into acid wash trace mineral free tubes. 
Samples were centrifuged at 3000 μg for 10 
minutes and  Serum was stored at -20 C until  
analysis .Serum zinc concentration was measured 
using the atomic absorption spectrophotometer 
(CAT-2000, Chem. Thech Co.,USA) 
Statistical Package for Social Sciences version 
11.5 was used for all statistical analysis. Data 
were presented as mean ± SE. Pearson 
correlation coefficients were used to evaluate the 
association between zinc concentration and risk 
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factors for CAD. For calculation adjusted OR 
logistic regression were used.  T-test and Chi-
square tests were used for quantitative and 
qualitative variables. 
The mean difference between groups was 
analyzed using a one-way ANOVA.  P values of 
<0.05 was considered statistically significant. 
 
RESULTS 
     The mean age of subjects in case group was 
53.31±1.35 years and in control group was 
51.2±1.67 years, that was not different between 
the groups (p=0.11).  
Among the 41 subjects in case group, 29 (70.7%) 
were male and 12 (29.3%) were female, and of 
those 40 who were in control group, 24 (60%) 
were male and 16 (51%) were female. The clinical 
and biochemical characteristics of subjects are 
shown in Table 1. 
The mean of weight in case and control group was 
72.53±1.47 and 70.52±1.57, respectively. The 
number of smokers (p=0.03), means of body mass 
index (p=0.01) and waist circumference (p=0.04) 
were significantly higher in case group compared 
to the control (table 1). With increasing body mass 
index, subjects had a 1.35-fold higher CAD risk , 
also subjects  that lives in  rural area had 7.11-fold 
higher CAD risk in compare to subjects lives in 
urban  after adjustment for confounder factors 
(table2). Table 3 presents dietary factors for both 
groups. Patients with CVD had lower intake of 
fruits,nuts and fish and higher intake of total 
grains than control group and 73.2% of CVD 
patients was eating  frying foods .  
 
Table.1.Clinical and biochemical characteristics of subjects with CAD and without CAD 
P 
Group 
Clinical and biochemical 
characteristics  Control (n=40) Case (n=41) 
1.53 51.20±1.67 53.31±1.35 Age (yrs) 
0.01 26.15±0.58 28.33±0.54 BMI(kg/m
2
) 
0.04 95.21±1.34 99.46±1.58 Waist circumference (cm) 
0.31 60/51 % 70.7/29.3 % Male/female(%) 
0.03 17.5% 39% Smokers(%) 
0.86 27.5% 29.3% Activity(%) 
0.001 85/15% 52.2/48.8% Live in city/rural area(%) 
 
Table.2. Regression analysis for defining the independent determinants of CAD 
P 
  Clinical and biochemical 
characteristics  95%CI Adjusted OR 
0.03 0.88-0.99 0.94 Serum zinc level 
0.02 1.04-1.74 1.35 Waist circumference 
0.35 0.87-11.16 3.12 Smoking 
0.004 1.84-27.51 7.11 Live in city 








Control (n=40) Case (n=41) 
0.09 3.86±0.07 4.13±0.07 Total grains(servings/d) 
0.58 0.31±0.02 0.34±0.03 Whole grains (servings/d) 
0.03 0.85±0.03 0.71±0.05 fruits(servings/d) 
0.85 0.98±0.09 1.08±0.11 vegetables(servings/d) 
0.02 0.34±0.02 0.21±0.02 fish(servings/d) 
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The mean of serum zinc concentration was 
73.51±1.61μg/dl in the case group that was lower 
than normal range (75-125 μg/dl) and the mean 
serum zinc concentration was 78.47±1.66μg/dl in 
the control group. 
The mean serum zinc concentration was 
significantly lower in case group than the control 
group (p=0.03), this  difference between case and 
control group remains significant after adjustment 
for  confounding factors  including body mass 
index, waist circumference, smoking and the place 
of living (table 2). With increasing in serum zinc 
concentration CAD risk decrease 0.94-fold. 
But this association did not correlate with the 
number of the stenosed coronary arteries in CAD 




Figure 1: serum zinc level in CAD subjects based on the 
number of the stenosed coronary arteries .Each value is 
expressed as Mean±SEM 
 
 
Table 4. Correlations between serum zinc and individual 
coronary risk factors 
P r coronary risk factors 
0.03 - 0.23 Age 
0.02 0.26 Weight 
0.04 - 0.22 Place for living 
0.88 - 0.16 Waist circumference 
0.24       0.13 Smoking 
0.23 - 0.13 sex 
0.23 - 0.13 Activity 
Pearson’s correlation coefficients were calculated for each 
group separately 
 
There was a positive correlation between serum 
zinc concentration and weight (p=0.02), and 
negative correlation between serum zinc and age 
(p=0.03). Subjects that their home were located in 
rural area had lower serum zinc concentration than 
subjects inhabited in urban area (p=0.04).There 
were no significant correlation between the 
dietary intake , other coronary risk factors and 
serum zinc concentration (P>0.05)(table 4). 
 
DISCUSSION  
     The prevalence of CAD is high in Iran 
[19].The present study demonstrated that serum 
zinc concentration was significantly lower in 
Iranian subjects with CAD basis on angiography 
test compare to subjects without CAD. 
Relationship between zinc status and incidence of 
CAD, are conflicting. Islamoglu et al [ 5]  have 
reported that serum level of zinc was significantly 
lower in patients with atherosclerosis than in the 
control group.  Kazemi et al [20] and Ford et al 
[21] also have found that serum Zn level is 
significantly lower in patients with coronary 
disease than in healthy subjects. 
Shokrzadeh et al. [22] have determined the level 
of Zn in 30 patients with ischemic 
cardiomyopathy diagnosed with coronary 
angiography, they have indicated that zinc level of 
patients was not significantly different in 
comparison with the healthy volunteers.  
 Alissa et al [19] also have reported that Serum 
zinc concentrations did not differ  between Saudi 
males with and without CVD.  These data are 
consistent with some previous studies in 
Caucasian subjects [23,24]. 
 Besides, in animal experiments, a diet high in 
zinc leads to hypercholesterolemia and 
cardiovascular complications [8]. There are 
several mechanisms by which zinc may inhibit 
heart disease. Nitric oxide synthase (NOS) is a 
family of mtalloenzymes involved in blood 
pressure regulation and in cardiovascular function 
that use zinc as cofactor [8]. NO is an important 
factor in the regulation of blood flow,  arterial 
blood pressure and heart rate in mammals [25]. 
Zinc has antioxidant-like properties;  thus,  it can 
stabilize macromolecules against radical-induced 
oxidation in vitro as well as limit excess radical 
production, also as an antioxidant,  zinc stabilizes 
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membranes and  preserve endothelial function 
through  inhibit  apoptosis,  probability by up 
regulating caspase genes [26].  
 In contrast, some studies have reported a positive 
association between serum zinc and cholesterol 
concentrations [27,28]. It was found  an inverse 
relationship between age and serum zinc 
concentration.  A  fall in serum zinc concentration 
with age has been reported and attributed to a 
decline in rate of absorption [29]. There have also 
been other reports of changes in zinc metabolism 
with age [21]. 
A positive relationship has reported between 
weight and serum zinc concentration. It was noted 
that zinc was involved in fat metabolism and 
obesity [30]  .Some investigators have reported 
that serum zinc concentration is lower [31,32]
 
in 
obese subjects while other studies have reported 
no significant difference [21]. 
An inverse association between  consumption of 
fish because of its omega-3 fatty acids and nuts  
because of  its monounsaturated fat  with CAD 
was reported in studies.also  higher consumption 
of  vegetables,fruits and whole grains was 
associated with a lower risk of cardiovascular 
disease [33,34] .In the study serum zinc was not 
significantly correlated to dietary intake , because 
serum zinc can be affected by physiologic factors 
and diseases [35]
.
 In the present study, subjects in 
rural area had lower serum zinc than subjects in 
urban; that is maybe related to social and 
economical factors. 
In the current study, it can be easily observed that 
there is no significant difference in serum zinc 
concentration between smokers and non-smokers. 
That is similar to the result of other studies [ 36]. 
 
CONCLUSION 
In conclusion serum zinc concentration is 
significantly lower in the north of Islamic 
Republic of Iran patients with established CAD 
compare to subjects without CAD, and some of 
risk factors for CAD such as age, weight and 
place of living are associated with altered zinc 
status. Present study does not elucidate whether 
the lower levels of serum zinc in CAD, is causal 
or the consequence of CAD. Prospective studies 
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